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435ABSTRACTS / Developmental Biology 306 (2007) 427–435specification, proliferation and survival. We have previously
shown that Banded hedgehog (Bhh) and Gli3 expression overlap
with neural crest (NC) markers in the prospective NC and
functional experiments have shown that both genes participate in
the NC induction increasing the expression of NC markers. In
this work we have analyzed in more detail the role of Bhh/Gli
pathway in cellular processes and focused our analysis on
regulatory aspects of the pathway in the NC development. By
using inhibitors of cell proliferation and a conditional gain of
function approach we show that Gli3 overexpression produce
changes in the NC cell fate and not in cell proliferation. A
morpholino against Gli3 was able to block the increase in NC
markers produced by Bhh indicating that the control of
specification by Bhh is mediated by Gli3. We have cloned new
components of the pathway, the Xenopus homologous genes
Cos2 and Sufu observing a correlation between the NC markers
and the expression patterns of both genes. To evaluate the
regulatory role of these genes in the development of the NC we
followed a gain-of-function approach in which the increase of
Cos2 produced a decrease in the NC markers suggesting that it
could negatively regulate the pathway. In addition, the temporal
requirements of hedgehog signaling for NC induction has been
analyzed by grafting cyclopamine-soaked beads into the neural
fold from late gastrula stage. Our results show that intracellular
components of the Bhh/Gli pathway are key regulators of NC
induction in Xenopus embryos.
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Elucidating molecular mechanisms that control the timing of
bone formation is a prerequisite for understanding craniofacial
development. To achieve this goal, we investigate molecular
and cellular interactions that specify the timing of intramem-
branous ossification in the mandible. We manipulate time-
dependent signaling interactions by utilizing an avian chimeric
system that draws on the divergent maturation rates of quail and
duck embryos. We transplant neural crest mesenchymal cells,
which are the osteogenic precursors of the mandible, from quail
to duck, and demonstrate that quail donor mesenchyme
maintains its faster timetable for osteogenesis within the slower
environment of the duck host. We explain the chimeric
phenotype by detailing changes in tissue and molecular
signaling interactions necessary for bone formation. Epithelial
removal experiments reveal acceleration in the time-dependent
epithelial–mesenchymal interactions known to regulate intra-membranous ossification in the chimeric mandible. Our in situ
hybridization analyses identify spatiotemporal changes in
Runx2 and Bmp expression, which correlate with the ability
of the donor derived mesenchyme to form bone in the absence
of epithelium. Furthermore, we show the potential of exogenous
Noggin to inhibit premature bone formation in the chimera.
These findings, coupled with the ability of exogenous Bmp to
control the expression of molecular mediators of osteogenesis
and induce premature bone formation in cultured quail
mandibles, suggest that neural crest-derived osteogenic
mesenchyme uses Bmp signaling to regulate the timing of
mandibular osteogenesis.
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Much has been learned about primary mesenchyme cell
(PMC) specification in sea urchin embryos. However, much
less is known about how the sequentially progressed PMC gene
regulatory network (GRN) states control the EMT process
during PMC ingression. Key molecules regulating this process
include Snail and Twist, and each has been experimentally
connected to the PMC regulatory network; these experiments
demonstrate several requirements for PMC ingression, and in
doing so, begin to illustrate how a gene regulatory network state
controls morphogenesis. Snail down-regulates cadherin expres-
sion as an evolutionarily conserved mechanism, and Snail
positively regulates a required endocytic clearance of epithelial
membrane molecules during EMT. Twist has accessory roles in
regulating PMC ingression, and possibly acts parallel to Snail in
the EMT network state. Twist also functions in the post-EMT
network state, particularly in directing PMC differentiation and
skeletogenesis. The recently annotated sea urchin genome
accelerates the discovery of new genes and holds strong promise
of mapping out a complete canvas of the micromere-PMC gene
regulatory network. Using the genome resources, we successfully
cloned several newly identified PMC genes, and found them to be
expressed in PMCs just prior to ingression. Current experiments
focus on the roles of these genes in preparing for, executing, and/or
controlling the mesenchymal behavior following PMC ingression.
Studying the functions and inter-relationships of these genes will
greatly augment our understanding of how a gene regulatory
network state controls a crucial morphogenetic event.
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